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SPI, Qaen city Drought is among the most severe and complex climate-related hazards, particularly

in arid and semi-arid regions, where it strongly impacts water resources, agriculture,
and food security. In eastern Iran, especially in South Khorasan Province, recent
decades have witnessed frequent meteorological and hydrological droughts, resulting
in groundwater depletion and reduced surface flows. Effective drought monitoring
requires indices that accurately reflect regional climatic and hydrological conditions.
Among the most widely applied indices are the Standardized Precipitation Index (SPI)
and the Percent of Normal Precipitation Index (PNPI), both of which are valued for
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30 Jul 2025 their simplicity and reliability. Integrating multiple indices can further enhance the
accuracy of drought assessments.
. In recent years, various studies have employed drought indices and artificial
Revised:
29 Aug 2025 intelligence (AI) models to evaluate drought intensity, duration, and frequency across
different spatial and temporal scales. However, despite the growing body of research
Accepted: on drought in Iran, relatively few studies have simultaneously applied simple indices
17 Sep 2025 such as PNPI and SPI at the regional scale. Qaen, a dry city in eastern Iran, has been

repeatedly affected by severe droughts in recent years. Nevertheless, no comprehensive
long-term statistical analysis employing multiple drought indices has been conducted

How to cite this article:

Rezvani, A; Khorashadizadeh, M; & Rezaei, M. (2025). Temporal Analysis and Intensity of Meteorological Drought (Case Study: Qaen
City in South Khorasan Province). Journal of Drought and Climate change Research (JDCR), 4(13), 105-130. https://doi.org/10.22077/
jdcr.2025.9807.1159

@ Copyright: Authors retain the copyright and full publishing rights. Licensee Journal of Drought and Climate change Research (JDCR). This article is an open
By access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https:/creativecommons.org/licenses/by/4.0/).



https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://orcid.org/0000-0001-9617-1469

Temporal Analysis and Intensity of Meteorological

for this region. The present study aims to investigate the temporal characteristics and severity of
meteorological drought in Qaen over recent decades using the PNPI and SPI indices at different
time scales. A better understanding of drought patterns will contribute to improved water resource

management and reduced vulnerability of the region to future droughts.

Materials and Methods

The study area is Qaen City, located in South Khorasan Province in eastern Iran. According to the
De Martonne aridity index, the region is classified as arid, while the Képpen climate classification
identifies it as cold semi-arid (steppe). The mean annual precipitation is 161.3 mm, and the mean
annual temperature is 14.9 °C. Precipitation data were obtained from the Qaen synoptic station
(59°10'33" E, 33°44'24" N; elevation 1,432 m above sea level) for a 37-year period (1988-2024).
This station provides the most reliable meteorological data in the region. Prior to analysis, data
normality was tested using the Ryan—Joiner normality test, and potential outliers were evaluated
using the interquartile range (IQR) method. Two indices were employed to assess meteorological
drought: the PNPI and SPI. Temporal trends in annual precipitation and temperature were examined
using simple linear regression, the Mann—Kendall test, and Sen’s slope estimator. The correlation
and consistency between PNPI and SPI were evaluated using Pearson’s correlation coefficient. All
statistical analyses and visualizations were performed using Minitab 16 and Microsoft Excel 2016.
This methodological framework ensures a comprehensive understanding of drought dynamics in

Qaen City.

Results and Discussion

Analysis of long-term precipitation and temperature data (1988-2024) from the Qaen synoptic
station revealed an average annual precipitation of 161.3 mm, with the majority of precipitation
occurring during the cold season. The PNPI results indicated that wet periods were primarily
observed in the 1990s and in the water years 2005, 2019, and 2020, while severe and consecutive
droughts were concentrated in the second half of the study period, particularly after 1999. The
driest years were 2006, 2008, 2016, and especially 2021. Classification of years showed that over
41% fell into drought categories, whereas only 30% were categorized as extremely wet. These
findings suggest that the region entered a prolonged phase of chronic drought in the early 2000s,
and episodic wet years have been insufficient to compensate for persistent precipitation deficits.
The SPI analysis corroborated these results. SPI-12 values fluctuated between +2.08 (2020)
and —2.20 (2021). Most years (62.16%) fell into the normal class, while 2000, 2008, and 2021
were classified as severe to extreme droughts. The abrupt shift from extreme wetness in 2020 to

extreme drought in 2021 highlights the pronounced climatic variability of the region. The seasonal
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SPI analyses (SPI-6 and SPI-3) revealed that winter—spring was the most drought-prone season,
directly affecting water resources and agricultural production, particularly barberry and saffron.
Sensitivity analyses demonstrated that SPI results were robust against both outliers and the choice of
statistical distribution, underscoring the reliability of the findings. A comparative evaluation of PNPI
and SPI indicated that both indices were consistent in identifying extreme events. However, SPI
provided more climatologically robust insights due to its normalization process, which accounts for
precipitation variability. PNPI remains useful for rapid, preliminary assessments, while SPI is better
suited for long-term drought monitoring. Together, these indices offer a comprehensive framework
for understanding drought dynamics in arid and semi-arid regions and can inform more effective

water and agricultural management strategies.

Conclusion

This study examined meteorological drought in Qaen City using 37 years of precipitation and
temperature data (1988-2024) from the Qaen synoptic station. Two indices, PNPI and SPI, were
applied to evaluate drought conditions. Trend analysis revealed no statistically significant change
in precipitation but did show an increase in annual temperature, which has contributed to the
intensification of drought. The results highlighted substantial interannual variability, with both
extremely dry and extremely wet years recorded. While PNPI proved valuable for rapid drought
assessment, SPI provided more robust classifications due to its statistical normalization. The
findings emphasize the rising drought risk in Qaen, the predominance of recurrent droughts, and the
increasing variability of climatic conditions. These results underscore the urgent need for enhanced
drought monitoring systems, sustainable water resource management, and adaptive agricultural
strategies. Integrating simple indices such as PNPI with statistically rigorous tools like SPI offers a

comprehensive approach for assessing drought in arid and semi-arid environments.
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2. Trend Analysis

3. Simple Linear Regression

4. Non-parametric Mann-Kendall
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Table 2. Annual precipitation and mean annual temperature statistics of the Qaen synoptic station

CCy Lo

Temprature (°C)

=l J mm) 5w,k
Water Year Precipitation (mm)
1988 177.13
1989 130.23
1990 195.3
1991 261.6
1992 238.6
1993 235.02
1994 116.4
1995 161.42
1996 274.93
1997 151.68
1998 260.67
1999 235.74
2000 77.28
2001 90.43
2002 152.51
2003 150.81
2004 101.23
2005 232.23
2006 90.37
2007 135.74
2008 79.01
2009 139.81
2010 151.03
2011 142.85
2012 157.88
2013 128.76
2014 117.35
2015 153.25
2016 110.68
2017 158.99
2018 134.45
2019 209.64
2020 306.38
2021 59.89
2022 139.13
2023 167.73
2024 142.26

14.36
13.26
14.04
12.33
12.20
13.27
13.94
14.40
13.80
14.11
14.45
15.32
14.81
15.02
15.80
14.91
14.76
14.53
15.39
14.30
14.57
15.10
16.21
15.53
14.47
15.54
14.92
16.01
16.30
15.95
15.76
15.65
14.60
16.14
16.58
16.40
16.63
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Table 3. Statistical indices of annual precipitation at the Qaen synoptic station during the study period

\S.....ns..._.a oli.:.....ll U_ub
Synoptic station Qaen
Sl
o 16130
Average
S S 59.95
Standard Deviation (SD) '
Sl s g o 037
Coefficient Variation (CV) '
SRVRAY
S 0.17
Kurtosis
Nz 0.64
Skewness
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Fig 2. Normal distribution fitting to the annual precipitation data of the Qaen synoptic station
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Table 3. Classification of meteorological drought conditions at the Qaen synoptic station based on the PNPI
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Table 4. Classification of meteorological drought conditions at the Qaen synoptic station based on the SPI
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